Introduction
In this manuscript, I consider the structural and functional biology of the brain, looking at how the neurons, and their electrochemical activity, may shape and affect the rest of it, and how that activity might be affected in return. Instead of regarding the brain as just a network of interconnected neurons, which processes incoming information to determine outward signals, I 5 suggest how the neuronal activity of the brain is effectively integrated, creating our selves and our experiences. I propose that the functions of the brain spring from the interactions between two distinct -but complementary -biological parts: the network of interacting neurons, and the Reciprocal Domain. Neurons tend to be the focus for contemporary brain research because they are "excitable" cells.
That is, their surface changes rapidly in response to stimulation; an impulse (an action potential, or spike), as Ramon y Cajal first suggested, passes quickly from one end of the cell to the other, where an action potential may be triggered in the next neuron. Thus, neurons appear to be the "active" parts of the brain. This has rather been taken to imply that the rest of the brain is passive, 20 or unimportant. However, this idea is misleading. An analogy: one would not try to explain an internal combustion engine only in terms of its moving parts. The valves, pistons and crankshaft move; but their activity can only be understood within the context of the whole engine; therefore, this study will try to consider the neurons, and their activity, within the wider biology of the brain. An action potential, or spike -the rapid depolarization of a region of the neuronal plasma membrane -occurs when sodium ions flood back across the plasma membrane into the neuron, and then potassium ions pass back out of the cell into the surrounding micro-environment {Figure 5 2}. These movements are passive, in that they do not require metabolic energy, as the ions travel down their concentration-gradients and equilibrate across the membrane, through specific ion channels. The ion channels are reversibly gated trans-membrane proteins: they change conformation in response to local changes in the voltage across the membrane. This opens an aqueous pore across the membrane that allows specific ions to flow across it. The flux of ions 10 across the plasma membrane, both into and out of the cell, changes the voltage across it, which triggers the opening of nearby voltage-gated ion channels. Thus the depolarization of the plasma membrane at one point triggers the neighbouring region to depolarize, and so on. This trigger only proceeds in one direction along the membrane, as channels are not receptive to triggering for a few PrePrints 5 milliseconds after having been open. This type of activation moves along the neuron as a metachronal -rather than synchronous -wave; the impulse travels along the surface of the neuron from the dendrites along the axon. An analogy with the propagation of an action potential along the neuronal plasma membrane is the "Mexican wave" in sports stadiums, where the wave travels around the crowd as individuals quickly stand up and sit back in their own seats, triggered by the 5 same action of their neighbour just before them. The wave rushes around the stadium; but the spectators do not. Similarly, the wave of depolarization runs along the membrane of the neuron, as ions flow into and out of the cell, rather than charged particles flowing along the interior of the cell.
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Figure 2: The action potential occurs when the gated ion channels briefly open. This depolarises the membrane as sodium ions (Na + ) and then potassium ions (K + ) equilibrate across the plasma membrane. This causes a spike, or change, in the potential difference across the plasma membrane, which triggers the opening of neighbouring voltage-gated channels.
15
The excitation of one neuron can trigger the excitation of a neighbouring neuron. This stimulation synapse. The fusing of intracellular vesicles with the plasma membrane at the synapse releases neurotransmitter into the synaptic cleft is triggered when the rate and pattern of action potentials reaching the synapse is above a threshold in an "all-or-none" process. Synaptic nerve transmission is regulated through the frequency or pattern of action potentials, rather than their amplitude. 5
In summary, the activity of the neurons of the brain is not like that of contemporary electronic components, or non-excitable cells. Neurons use metabolic energy to pump sodium and potassium ions across the plasma membrane, polarizing it, and creating a resting potential. Upon stimulation, the ions pass through specific gated ion channels in the plasma membrane, down their 10 electrochemical gradients, creating an action potential. This changes the voltage across the plasma membrane of the neuron, which in turn affects the voltage across the neighbouring region of the neuronal membrane, which opens further voltage-gated ion channels, leading to further depolarization, and so forth. Thus, a metachronal wave of depolarization, rapidly followed by repolarisation, travels along the membrane of the neuron from the dendrites, across the cell body, 15 and along the axon. Physical particles, such as electrons, do not "flow" through the cell to create a current; it is not a tube or wire. As the wave of excitation travels along the neuron, the movement of ions across the plasma membrane is at right angles (orthogonal) to the direction of the nerve impulse along the membrane of the neuron. The amplitude of the impulse travelling along the neuron is determined by the local gradients of ions across the membrane. Providing that there is a 20 sufficiently large electrochemical gradient, then the wave of depolarization propagates along the neuron, in an "all-or-none" system. The pattern and rate at which impulses reach the synapse, rather than their amplitude, determine whether neurotransmitter is released at the synapse, in another "all-or-none" system. of the neuron; but these illustrations can also be looked at in another way: they might be seen as 5
showing the corresponding movement of ions into and out of the micro-environment surrounding the neuron. The similarities between the fluxes on both sides of the plasma membrane become apparent if the illustration is rotated through 90 -and the labelling simplified so that the cations are unspecified -then we may see that the fluxes of ions on the two sides of the membrane in a cross-sectional illustration appear to be similar {Figure 3}. Upon examination, we can see that the 10 ionic fluxes on the two sides of the plasma membrane are not the same; they are complementary.
That is, as an ion leaves one side of the membrane, it crosses the plasma membrane, and appears on the other side. There is one less of those ions on one side, and one more on the other. Thus, the two sides of the membrane may be considered as part and counter-part -in the sense that fossils in sedimentary rock may cleave into two complementary forms: one side convex, the other concave. 15
They both have the same pattern, or information, at the same site; however, the part and counterpart are complementary impressions of each other. Domain is only an epiphenomenon -an accompaniment that does not contribute to the function of 15 the brain; however, if it is found that changes in this extracellular space within the brain could exert some effects upon brain activity, then it would surely warrant further exploration. This possibility is considered in the following sections.
The Reciprocal Domain and Perception 20
Current theories of perception focus upon the neuronal pathways from sensory receptor cells, which when excited, trigger excitations in a series of neurons, so that the "signal" -the information -is passed along a pathway, which leads to neuronal activity at a specific site in the neo-cortex (a "neuronal correlate of the sensation"). However, this kind of explanation seems to An action potential can propagate along a neuron providing that the electrochemical gradients across the plasma membrane are sufficient at points all along the cell. This ensures that there is a large enough spike (change in potential difference across the membrane) to trigger the depolarization of the adjacent region of membrane, so that the metachronal wave propagates along 20 the membrane of the neuron. In "all-or-none" systems, such as the propagation of action potentials along a neuron, there is a "tipping point" when a relatively small difference can change the system from one state to the other: the switch between propagation and attenuation. Therefore, in certain situations, relatively small local changes in the electrochemical gradient across the membrane may surrounded by a higher potassium micro-environment, then an action potential along the central 5 neuron in this illustration might be stopped, because the local potassium and sodium ion-gradients across the plasma membrane at this point may be insufficient for the spike to propagate. This local dip in the trans-membrane electrochemical gradients would be very brief -lasting only milliseconds -but it might be sufficient to stop an action potential propagating along a neuron when they coincide. 10
This indirect influence of the Reciprocal Domain upon neuronal activity at first may seem implausible because action potentials of several neurons will have to coincide around a particular region of a neuron. However, the brain contains tens of thousands of millions of neurons, producing action potentials sporadically, randomly or rhythmically, which greatly increases the 15 chance of this indirect influence. The disruption of an action potential travelling along the surface of a neuron may not appear a significant event; however, pre-synaptic neurotransmitter release is determined by the rate and pattern at which action potentials reach the synapse, in another "all-ornone" process, so the disruption of an action potential could prevent a release of neurotransmitter into the synapse. This could create a wide range of effects in the brain: for example, through this 20 process, changes in the Reciprocal Domain might indirectly influence either stimulatory or inhibitory neuronal activity, so activity might be initiated by inhibiting inhibitory neurons. This suggests a way that the Reciprocal Domain might indirectly influence the activity of specific neurons, and taken together with the topographic mapping of the motor cortex, this may begin to PrePrints 18 unless the activity of all the integrated neurons at that particular instant is known -and thereby the indirect influence of the Reciprocal Domain -which is beyond measurement or computation.
Perhaps we should say that the interaction of direct and indirect influences creates such enormous complexity in this biological system that the integrated whole is beyond calculation? The brain seems to be a deterministic system; but -in practice -it is beyond accurate measurement and 5 calculation, limiting our knowledge and ability to predict its activity with certainty.
5.
Implications of the Reciprocal Domain for the Brain This Reciprocal Domain could be an important piece of the brain. It is an entity that is created and shaped by the structure of the brain, and patterned by the activity of all the neurons. It is 10 electrochemically changed at specific sites around "neuronal correlates of sensations"; it may indirectly influence the activity of some neurons, and form part of a complex loop of feedback.
This complexity could make the network of neurons in the brain more responsive and flexible than the role of information processor that has previously been assigned to it. These are properties that we might reasonably associate with the experiential core, which raises the question: could the 15 Reciprocal Domain be the experiential centre, the core self?
The characteristic most closely associated with the Self is consciousness; however, this has proved an elusive concept to grasp, so it has not been a useful criterion for identifying this important aspect of the brain. Perhaps it will be more helpful to list other characteristics that we may expect 20 of the self, and see whether the Reciprocal Domain has any of these traits. Any candidate proposed to be the self might reasonably be expected to have some special properties: the entity should be affected by the activity of afferent (incoming) neurons all around the higher brain. It should also be able to change the activity of efferent (outgoing) neurons -so that we can move our bodies. It The Reciprocal Domain is patterned by neuronal activity: the flux of cations into and out of it is caused by the activity of all of the neurons, including the random spikes and resting potentials.
Specific sites of it are changed, at particular times, when neurons increase activity, such as during 10 neuronal correlations of sensations. This Reciprocal Domain may alter the activity of neurons within the brain, making their activity unpredictable. It forms a unified whole within the brain that is in contact with all the neurons, as it is shaped around them. This Reciprocal Domain develops in infancy, and endures through life. It is a biological entity, so it might be vulnerable to the chemical and physical factors that change the brain and are known to affect us, such as drugs, trauma or 15 disease. These are intriguing features for a novel part of the brain; these qualities encourage the hypothesis that the Reciprocal Domain is the self. This idea shall be developed and explored.
An Integrative Model of Brain Structure and Function
The extracellular space within the brain forms a distinct aqueous environment around the neurons. 20
The model developing here is that the activity of the neurons in the brain causes a flux of cations in this Reciprocal Domain, so that a counterpart to all the neuronal activity is integrated into this space. Importantly, both the resting and action potentials contribute to this electrochemical flux. 
This creates an entity that exists continuously -although it is constantly changing -throughout the

The Structure of This Reciprocal Domain 5
The BIF forms a continuous environment throughout the extracellular space within the higher brain, so this Reciprocal Domain is a material object with physical properties. It is topologically extremely complex, as it surrounds, and is surrounded by, all the neurons, glia and other cells in the higher brain; the boundary around this compartment is formed by the plasma membranes of all the cells within the brain. This effectively makes a single extracellular compartment -an "inverse 10 cell" or "sponge" -around all the cells, including the neurons. This realm is separated from the rest of the body fluid. It sits within the higher brain as a unified, continuous whole; however, if this entity does experience separate neuronal activities as distinct sensations, then it cannot be uniform. It must have spatial structure for it to engage with the architecture -the spatial arrangement -of the brain. 15
Topographic Maps in the Brain and the Unified Non-Uniform Reciprocal Domain
The neurological pathways from a number of sensory surfaces of the body -such as the skin, cochlea and retina; along with some motor centres -project onto the brain cortices in systematic spatial order to form topographic maps of the body. Sensations from the body cause neuronal 20 activity at the surface of the cortex in an ordered manner; neighbouring parts of the body map onto adjacent areas of the brain. This topographic mapping in the CNS raises tantalizing questions, and provokes ideas, about the nature of the brain and our experience of our bodies and through our senses, the world, and the interaction between them: why have topographic maps repeatedly evolved for the perception of different senses? Why are there similar maps for both sensory and motor systems? These topographic maps indicate that the brain is spatially organized; the site of the body where the stimulus originates can be inferred from the site of the change in neuronal activity induced in the cortex. Topographic mapping seems to imply that there has to be some entity that detects or "reads off" the site of change in neuronal activity from the topographic map. 5
This suggests that the entity that experiences the variety of our sensations is also extended in space, about the size of the brain, and able to detect and distinguish changes in neuronal activity at different sites all over the brain.
The new model of the Reciprocal Domain as the entity that integrates -and experiences -the 10 activity of the neurons, begins to explain the topographic mapping of the brain, as topographic mapping can tell us about the nature of this negative space in the brain. The Reciprocal Domain is spread across the extracellular space in the brain, as an "inverse cell", in contact with all the neurons. A stimulation at a particular location around the body, reproducibly maps to excitation of neurons at a specific location in the cortex, and therefore, to the surrounding area of the Reciprocal 15 Domain. This suggests that if the Reciprocal Domain does experience our sensations, then either it, or the neurons of the brain, or the combination of the two, must be able to detect local changes in the electrochemical flux, caused by those local changes in neuronal activity. This process should also be able to distinguish between changes in neuronal activity at different sites, which are experienced as different sensations. Any candidate integrated experiential Self has to be unified, 20 but not uniform: it has to be spatially differentiated -spatially aware -because it has to map the neural activity of the higher brain, and thereby the body, through localized changes within this space. 
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The intensity of a sensation is the frequency or pattern of the neuronal action potentials, rather than any increase in the amplitude of each depolarisation. It is an all-or-none system. A "spike train" (a rapid succession of action potentials) causes repeated changes in the extracellular concentrations of cations, as the sodium and potassium ions cross the plasma membrane of the stimulated neurons. It is already appreciated that this causes the potential difference across the 5 plasma membrane of the excited neurons to fluctuate rapidly, but it also causes localized, rapid changes in the electric field in this region of the brain. This local fluctuation in the electric field, around the active neurons, is a physical event that might affect the rest of this space, or other parts of the brain. We may, perhaps, tentatively conjecture that this area of the Reciprocal Domain is changed by, detects, the localised change in the electric field within the brain, which we 10 experience as a particular sensation at a specific site of the body. The integrated Self that experiences sensations must be informed about the sensory stimulus by the intensity, the site and duration of the change in the Reciprocal Domain caused by local neuronal activity. Our subjective experience of different sensations and perceptions derives from these three factors. Stimuli get their particular sensation or feel from where they occur in the Reciprocal Domain. Therefore, it is extremely unlikely that the last common ancestor of these lines would have formed an enveloped Reciprocal Domain around the neurons in a brain.
15
On the basis of this new model, brains with similar Reciprocal Domains enveloped around clusters of neurons seem to have evolved at least three times on Earth. This suggests that the creation of such structures was not a single, incredibly fortuitous event. The current Reciprocal Domain requires at least three anatomical structures to surround the neuronal tissue, and it would have been unlikely that these features arose simultaneously in three separate evolutionary lines. This suggests 20 that some of the structures that now form the envelope around the Reciprocal Domain arose before the evolution of the modern function of the Reciprocal Domain. Peripheral nerves are not enveloped by membranes; however, there is a sheath of ECM -the endoneurium -around the neurons. This forms a barrier that separates the endoneurial fluid around the neuron from the rest of the body fluid. Thus, the peripheral nervous system makes a protective structure that also creates and maintains a special micro-environment around the neurons. So there is fluid-filled space around peripheral neurons that has an ionic flux that is 5 complementary to the neurons. In studying the brain and other organs in which excitable cells are enveloped, it will be important to consider the micro-environment around the cells that are imprinted with the counterpart of the 15 ionic flux at the surface of the excitable cells. The preparation of excitable cells for study in vitro may remove the enveloping structure that make and maintain the Reciprocal Domain, which might create an artefact. The preparation of tissue samples for microscopy may dehydrate them, and distort the space around the neurons. PrePrints 29 first test could be to try to disrupt the Reciprocal Domain -without changing neuronal activity -to discover whether this changes the experience of the volunteer. This type of procedure would be predicted to uncouple neuronal activity from the mental events that usually accompany it.
Reciprocal Domains in Other Organs
It may be possible to disrupt the link between specific neuronal activity in the brain and the 5 associated experience of the subject. Briefly, assuming that neuronal correlates of sensations can be found, it may be possible to physically locate and reach such neurons whilst the volunteer remains conscious. It will be technically challenging, but it may be possible to perfuse the microenvironment around the specific neurons whilst exposing the patient to the stimulus. The aim will be to gently perfuse around the cell, without disrupting the spikes associated with the stimulus, as 10 one can gently blow on a candle and move the air around the flame -without extinguishing it -to disrupt the link between the characteristic neuronal activity and the complementary ionic flux in the micro-environment. This procedure would be predicted to disrupt the phenomenal experience that is normally associated with this neuronal activity. when specific mental events occur, so that this neuronal activity somehow correlates with consciousness of this task or experience. This experimental design rests upon the tacit assumption that regions of the brain that do not consistently change when a particular task is undertaken are not contributing to the process, like unused electronic components on stand-by. In contrast, the new model emphasizes that resting potentials, rhythmic and apparently random spikes, contribute 5 to the whole Reciprocal Domain within the brain, and create and maintain this domain, in which specific changes are caused by local changes in neuronal activity.
This new hypothesis is different from models of the brain as "nothing but a pack of neurons", and the mind as an emergent property of the network of them. The neurons are necessary; but the 10 structural basis of the integration of the brain is also crucial, including those features that enclose, and thereby create, the novel Reciprocal Domain. The BIF is essential for neuronal function, as the neurons could not create resting and action potentials if they were not correctly spaced. The activity of the neurons has been interpreted as the brain performing computation, processing information as a logical circuit, without the indirect influence of the Reciprocal Domain. However, 15 as Searle has pointed out, the operation of an algorithm or computation alone is insufficient to create syntax or semantics. It is crucial that there is an "outside interpreter who assigns a that pass cations across their plasma membranes; therefore, it bears a complementary version of all their electrochemical activity. This is the basis for the hypothesis that the electrochemical activity in the encapsulated extracellular space within the brain is the core experiential self. This outline of the new model is followed by brief sketches of some of the implications of this novel biology. In addition, a tentative conjecture is then put forward that our phenomenal experiences could be the 5 rapid fluctuations in the electric field at specific sites, caused by the cationic flux in this enveloped extracellular space within the brain.
The description of the Reciprocal Domain within the brain is built upon long-standing evidence.
The Reciprocal Domain is enclosed by structures that envelop the BIF around the neurons. The 10 composition of the BIF indicates that it is distinct from the plasma and other body fluids. The BBB was identified over 100 years ago, and the meninges before that. 
